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MULTISTAGE SOLENOID FASTENING TOOL
WITH DECREASED ENERGY
CONSUMPTION AND INCREASED DRIVING
FORCEL

CROSS-REFERENCE TO RELAT
APPLICATIONS

gs
w

This application 1s a divisional of U.S. application Ser. No.
12/536,787, filed Aug. 6, 2009, which claims the benefit of

U.S. Provisional Application No. 61/087,54/, filed on Aug. 8,
2008. The above disclosures are hereby 1incorporated by ret-
erence. The above-noted parent application claims the benetfit
and 1s a continuation-in-part of U.S. patent application Ser.
No.12/402,974, filed Mar. 12, 2009 (now U.S. Pat. No. 7,665,

540), which 1s a divisional of U.S. patent application Ser. No.
11/670,088, filed Feb. 1, 2007 (now U.S. Pat. No. 7,537,145).

FIELD OF THE INVENTION

The present teachings relate to a cordless fastening tool and
more specifically relate to a multistage solenoid that can
extend and retract a driver blade of the cordless fasteming tool
and adjust the magnetic fields of each of the stages of the
multistage solenoid based on a position of the armature
within the multistage solenoid. The present teachings further
relate to an internal elastic member and an external co1l mem-
ber that are used to retract the driver blade without the need to
energize the multistage solenoid. The present teachings addi-
tionally relate to methods of transient voltage boosting when
energizing the individual stages of the multistage solenoid to
increase the force imparted to the driver blade and/or decrease
the relative size of the multistage solenoid i the cordless
fastening tool.

BACKGROUND OF THE INVENTION

Traditional fastening tools can employ pneumatic actua-
tion to drive a fastener into a workpiece. In these tools, air
pressure from a pneumatic system can be utilized to both
drive the fastener into the workpiece and to reset the tool after
driving the fastener. It will be appreciated that 1n the pneu-
matic system, a hose and a compressor are required to accom-
pany the tool. A combination of the hose, the tool and the
compressor can provide for a large, heavy and bulky package
that can be relatively inconvenient and cumbersome to trans-
port. Other traditional fastening tools can be battery powered
and can engage a transmission with an electric motor to drive
a fastener. The energy consumption of the electric motor as 1t
drives the transmission however, can limit battery life.

A solenoid has been used 1n fastening tools to drive small
fasteners. Typically, the solenoid executes multiple impacts
on the fastener to generate the force needed to drive the
fastener into the workpiece. In other instances, corded fasten-
ing tools, 1.¢., connected to wall voltage, can use the solenoid
to drive the fastener 1n a single stroke.

SUMMARY OF THE INVENTION

The present teachings generally include a fastening device
that drives one or more fasteners mto a workpiece. The fas-
tening device generally includes a tool housing and a multi-
stage solenoid contained 1n the tool housing. The multistage
solenoid includes an armature member that travels through at
least a first stage, a second stage, and a sense coil disposed
therebetween. A driver blade assembly includes a blade mem-
ber connected to the armature member. The driver blade
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2

assembly 1s operable between an extended condition and a
retracted condition. A control module determines a position
ol the armature member relative to at least one of the first
stage and the second stage based on a signal from the sense
coil. The trigger assembly 1s connected to the control module
and partially contained within the housing. The trigger
assembly 1s operable to activate a driver sequence that moves
the driver blade between the retracted condition and the
extended condition. The control module adjusts a force
imparted on the armature by at least one of the first stage, the
second stage, and a combination thereof based on the signal
from the sense coil.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are intended for pur-
poses of illustration only and are not intended to limit the
scope of the present teachings.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings described herein are for 1llustration purposes
only and are not mtended to limit the scope of the present
teachings 1n any way.

FIG. 1 1s a perspective view of an exemplary cordless
fastening tool having a multistage solenoid capable of insert-
ing a fastener into a workpiece in accordance with the present
teachings.

FIG. 2 1s a partial perspective and cross-sectional view of
the cordless fastening tool of FIG. 1 and shows the multistage
solenoid 1n a tool housing above a fastener magazine 1n accor-
dance with the present teachings.

FIG. 3 1s a diagram of a multistage solenoid having a sense
coil between a first stage and a second stage that senses the
position of an armature of the multistage solenoid 1n accor-
dance with the present teachings.

FIG. 4 1s similar to FIG. 3 and shows the armature and a
driver blade of a drniver blade assembly progressing from a
retracted condition to an extended condition 1n accordance
with the present teachings.

FIG. S 1s also similar to FIG. 3 and shows the armature and
the driver blade 1n the extended condition 1n accordance with
the present teachings.

FIG. 6 1s a diagram of another example of a multistage
solenoid having a sense coil between a first stage and a second
stage, a sense coil between the second stage and a third stage
and a sense coil between the third stage and a fourth stage that
cach sense the position of an armature of the multistage
solenoid 1n accordance with the present teachings.

FIG. 7 1s a diagram of a further example of a multistage
solenoid showing an internal elastic member and an external

coill member that can return the driver blade assembly to the
retracted condition 1n accordance with the present teachings.

FIG. 8 1s similar to FIG. 7 and shows the driver blade
assembly progressing from the retracted condition to the
extended condition 1n accordance with the present teachings.

FIG. 9 1s similar to FIG. 7 and shows the driver blade
assembly 1n the extended condition in accordance with the
present teachings.

FIG. 10 1s a perspective view of the driver blade assembly
as 1llustrated 1n the diagram of FIG. 7 having the internal
clastic member contained within a cylindrical member of the
armature and the external coill member connected to a cap
member 1n accordance with the present teachings.

FIG. 11 1s a partial perspective and cross-sectional view of
the armature and the driver blade of FIG. 10 and shows the
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driver blade pivotally supported by the cylindrical member
and the internal elastic member coupled thereto 1n accordance

with the present teachings.

FIG. 12 1s a diagram of an exemplary multiphase voltage
boosting circuit that can deliver increased current at a boost
voltage to the stages of a multistage solenoid to increase the
force imparted on the driver blade assembly of the cordless
fastening tool 1n accordance with the present teachings.

FI1G. 13 1s stmilar to FIG. 12 and shows the voltage boost-
ing circuit 1 a charge condition in accordance with the
present teachings.

FI1G. 14 1s stmilar to FIG. 12 and shows the voltage boost-
ing circuit in a discharge condition that delivers the increased
current from a battery to each of the stages of the multistage
solenoid 1n accordance with the present teachings.

FIG. 15 1s a diagram of another example of a voltage
boosting circuit that can deliver increased current at the boost
voltage to the stages of the multistage solenoid to increase the
force 1imparted on a driver blade assembly of the cordless
fastening tool 1n accordance with the present teachings.

FI1G. 16 1s stmilar to FIG. 15 and shows the voltage boost-
ing circuit i a charge condition in accordance with the
present teachings.

FIG. 17 1s similar to FIG. 15 and shows the voltage boost-
ing circuit 1 a discharge condition 1n accordance with the
present teachings.

FIG. 18 1s a diagram of a further example of a voltage
boosting circuit of the cordless fastening tool 1n accordance
with the present teachings.

FIG. 19 1s a diagram of yet another example of a voltage
boosting circuit of the cordless fastening tool 1n accordance
with the present teachings.

FIG. 20 1s a diagram of an exemplary voltage boosting
circuit in accordance with the present teachings.

FI1G. 21 1s a diagram of another exemplary voltage boosting,
circuit 1n accordance with the present teachings.

FI1G. 22 1s a diagram of a further exemplary voltage boost-
ing circuit 1n accordance with the present teachings.

FIG. 23 1s a diagram of yet another exemplary voltage
boosting circuit 1n accordance with the present teachings.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The following description of the various aspects of the
present teachings 1s merely exemplary 1n nature and 1s 1n no
way 1ntended to limait the teachings, their application or uses.
As used herein, the term module and/or control module can
refer to an application specific mtegrated circuit (ASIC), an
clectronic circuit, a processor (shared, dedicated or group)
and memory that executes one or more soitware or firmware
programs, a combinational logic circuit, other suitable com-
ponents and/or one or more suitable combinations thereof
that provide the described functionality.

With reference to FIGS. 1 and 2, an exemplary fastening,
tool 10 can include a multistage solenoid 12 that can drive a
driver blade assembly 14 between a retracted condition (see,
¢.g., FIG. 3) and an extended condition (see, e.g., FIG. 5) 1n
accordance with the present teachings. The fastening tool 10
can include an exterior clam shell exterior tool housing 16
that can contain a control module 18. The control module 18
can control (e.g., energize and de-energize) the multistage
solenoid 12 to move the driver blade assembly 14. Each time
the driver blade assembly 14 1s moved by the multistage
solenoid 12, the remaining useful charge of a battery 20 can
be consumed. In the various examples, the battery 20 can be
configured with a suitable nominal voltage such as 7.2, 12, 36
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volts, etc. using a suitable battery chemistry such as nickel
cadmium, lithtum 10n, etc. The fastening tool 10 can also be
configured to be hybrid between being powered by an alter-
nating current (AC) power source (e.g., wall voltage) and a
direct current (DC) power source (e.g., the battery 20).

It will be appreciated 1n light of the present disclosure that
the less power used by the multistage solenoid 12 to drive a
fastener 22, the longer the battery 20 can maintain the nomi-
nal voltage (i.e., the usetul charge) to operate the fastening
tool 10. In one example, by determiming a position of an
armature 24 with a sense coil 26 between the stages of the
multistage solenoid 12, the energy consumed by the multi-
stage solenoid 12 can be conserved. The conservation of
energy can be accomplished by, for example, reducing the
amount of energy needed to impart a certain amount of force
on the driver blade assembly 14, as discussed herein.

In a further example, an external coill member 30 and an
internal elastic member 32 (FIGS. 7, 8 and 9) can move the
driver blade assembly 14 from the extended condition to the
retracted condition and, therefore, can avoid the need to con-
sume energy with the multistage solenoid 12 to return the
driver blade assembly 14 to the retracted condition. In yet
another example, the fastening tool 10 can use a method of
transient voltage boosting to energize the multistage solenoid
12 at a higher but transient voltage. When the multistage
solenoid 12 1s not being boosted to a boost voltage, the control
module 18 can operate the multistage solenoid 12 at the
nominal voltage of the battery 20. While the multistage sole-
noid 12 in the various aspects of the present teachings 1s
1llustrated with a first stage and a second stage, the multistage
solenoid 12 can include one or more additional stages 1n
suitable implementations, as discussed herein.

The multistage solenoid 12 can move the driver blade
assembly 14 to the extended condition so that a portion of a
driver blade 34 can move into a nosepiece 40. In doing so, the
driver blade 34 can drive the fastener 22 from a fastener
magazine 42 mto a workpiece 51. In this regard, the fastener
magazine 42 can sequentially feed one or more of the fasten-
ers 22 1nto the nosepiece 40.

The battery 20 can be mechanically coupled to the exterior
housing 16 and electrically coupled to the multistage solenoid
12 via the control module 18. As such, the control module 18
can control a first stage 50 and a second stage 52 of the
multistage solenoid 12 to magnetically move the driver blade
assembly 14 so that the driver blade 34 can drive the fastener
22 into the workpiece 51 when a trigger assembly 54 1is
retracted. In doing so, the trigger assembly 54, by way of

retracting a trigger 56, can control the execution of a driver
sequence. The driver sequence can include moving the driver
blade assembly 14 from the retracted condition (FIG. 3) to the
extended condition (FIG. 5) and back to the retracted condi-
tion.

It will be appreciated in light of the disclosure that the
movement of the driver blade assembly during the driver
sequence can be completed solely with the energizing (and
de-energizing) of the stages 50, 52 of the multistage solenoid
12. In one example, the polarity of the current through the
multistage solenoid 12 can bereversed to change the direction
of the force imparted on the driver blade assembly 14. In an
attempt to, among other things, conserve electrical power and
reduce the size and weight of the fastening tool 10, the exte-
rior coll member 30 and the internal elastic member 32 can
move the driver blade assembly 14 from the extended condi-
tion to the retracted condition without the need to energize the
multistage solenoid 12. It will also be appreciated 1n light of
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the disclosure that the fastener 22 can be one or more nails,
staples, brads, clips, or any such suitable fasteners that can be
driven 1nto the workpiece 51.

With reference to FIGS. 3, 4 and 5, the fastening tool 10 can
be configured with a multistage solenoid 60 that can include
a sense coil 62 disposed between a first stage 64 and a second
stage 66 of the multistage solenoid 60, which can be similar to
the sense coil 26 disposed between the stages 50, 52 (F1G. 2).
The sense coil 62 can sense the position of a driver blade
assembly 70 that includes an armature 72 of the multistage
solenoid 60 and a driver blade 74 connected thereto. More
specifically, the sense coil 62 can generate a signal 80 thatcan
be indicative of the position of the armature 72. The signal 80
can be recerved by the control module 82.

The signal 80 from the sense coil 62 can, for example,
indicate changes in current through the sense coil 62.
Changes 1n current can be due to movement of the armature
72. In this regard, the armature 72 can move relative to the
magnetic fields generated by windings 84 of the first stage 64
and windings 86 of the second stage 66, when one or more of
the stages 64, 66 are energized. The signal 80 can therefore be
indicative of the position of the armature 72 and when the
position of the armature 72 1s known, the position of the driver
blade 74 1s known as well. It will be appreciated in light of the
disclosure that there are additional ways to detect the position
of the armature 72 relative to the first stage 64 and/or the
second stage 66 of the multistage solenoid 60, but the sense
coil 62 can provide the signal 80 (1n addition to or 1n lieu of)
other methods and/or systems that can be used to detect the
position of the armature 72 1n the multistage solenoid 60.

In one example, the sense coil 62 can be one or more copper
windings 90 disposed between the windings 84 of the first
stage 64 and the windings 86 of the second stage 66. In further
examples, multiple sense coils can be disposed between mul-
tiple stages of a multistage solenoid 100. In one example, the
multistage solenoid 100 can include a sense coil 102 that can
be disposed between a first stage 104 and a second stage 106.
A sense coil 108 can be disposed between the second stage
106 and a third stage 110 of the multistage solenoid 100. A
sense coill 112 can be disposed between the third stage 110
and a fourth stage 114 of the multistage solenoid 100. The
sense coils 102, 108, and 112 can each provide a signal 120,
122, and 124, respectively, indicative of the position of an
armature 130 relative to each of the stages 104, 106,110, 114
of the multistage solenoid 100. As the armature 130 travels
through the multistage solenoid 100, each of the sense coils
102, 108, 112 can detect the position of the armature 130,
when a driver blade assembly 132 (that includes the armature
130) travels between the stages 104, 106, 110, 114 of the
multistage solenoid 100.

It will be appreciated 1n light of the disclosure that as the
number of stages increases in the multistage solenoid 12, 60,
100 that the resolution of the signal 80, 120, 122, 124 pro-
duced by the sense coil 62, 102, 108, 112 can be more rela-
tively useful than other methods and/or systems of detecting,
positions of the armature 72, 130. More specifically, a signal
to noise ratio of the one or more signals 80, 120, 122, 124
from the sense coils 62,102,108, 112 can be greater than that
from a method and/or system used to detect, for example, a
current inflection point associated with the multistage sole-
noid 12, 60, 100 that otherwise does not require a sense coil.
The relative increase of the signal to noise ratio of the signal
80,120,122, 124 from the sense coi1l 62,102,108, 112 can be
shown to justily an additional component (i.e., the one or
more sense coils) between each of the stages 50, 52, 64, 66,
104, 106, 110, 114 of the respective multistage solenoid 12,
60, 100.
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6
Returning to FIGS. 1-5, by knowing the position of the

armature 24, 72 relative to the sense coil 26, 62, a value of a
velocity of the driver blade 34, 74 can be determined as the
driver blade 34, 74 travels through the multistage solenoi1d 12,
60. As shown in FIG. 1, auser 140 of the fastening tool 10 can
adjust a depth setting control 142 to set a depth at which the
driver blade 34, 74 can drive the fastener 22 into the work-
piece 51. In this regard, the control module 18, 82 can deter-
mine the proper acceleration or deceleration needed to main-
tain a desired velocity of the driver blade 34, 74 to obtain the
desired depth of the fastener 22 as set on the depth setting
control 142.

As the driver blade 34, 74 travels through the multistage
solenoid 12, 60, the signal 80 detected with the sense coil 26,
62 can be used to determine whether the velocity 1s suificient
(too high or too low) to deliver the desired depth setting. As
such, 1n situ changes to the velocity of the driver blade 34, 74
can be made by adjusting the energy delivered to each of the
stages 50, 52, 64, 66 of the multistage solenoid 12, 60 by
using the position information in the signal 80 from the sense
coil 26, 62. In one example, pulse width modulation can be
used to adjust the energy delivered to each of the stages 50,
52, 64, 66. It will be appreciated that the pulse width modu-
lation can be used to reduce (or increase) the energy delivered
to the multistage solenoid 12, 62 during movement of the
armature 24, 72 between the extended condition (FIG. §) and
the retracted condition (FIG. 3) rather than just using pulse
width modulation when the motion of the armature 24, 72 has
terminated. It can be shown that the ability to deliver a vari-
able amount of energy to the multistage solenoid 12 can result
in arelative increase 1n battery life as energy consumption can
be optimized for various depth settings of the depth setting
control 142. It will be appreciated 1n light of the disclosure
that the depth of the fastener 22 can be controlled 1n a similar
fashion 1in the example with multiple sense coils as the fas-
tening tool with the sense co1l 102, 108, 112 in the multistage
solenoid 100 (FIG. 6).

The ability to detect the signal 80 indicative of the position
of the armature 24, 72 can provide the ability to conserve
uselul charge of the battery 20. By selectively energizing and
then collapsing the magnetic fields in cascading fashion of
cach of the stages 50, 52, 64, 66 of the multistage solenoid 12,
60, the multistage solenoid 12, 60 can advance the dniver
blade 34, 74 to drive the fastener 22. Furthermore, each of the
magnetic fields of the stages 50, 52, 64, 66 can be actively
managed so only the needed amount of energy can be con-
sumed by each of the stages 50, 52, 64, 66 during the driver
sequence. Actively managing the stages 50, 52, 64, 66 can
include relatively more accurately controlling the timing of
the energizing and collapsing of the magnetic fields of the
stages 50,352, 64, 66. By more accurately limiting the duration
during which the stages 30, 52, 64, 66 are energized, energy
consumption can be reduced. Actively managing the mag-
netic fields of the stages 50, 52, 64, 66 can also include
adjusting the magnetic field strength of each of the stages 50,
52, 64, 66 by using, for example, pulse width modulation. By
adjusting the magnetic field strength of the stages 50, 52, the
energy consumed can be minimized while the force imparted
on the armature 24, 72 can be maximized. As such, the energy
consumption needed to impart a certain force on the driver
blade 34, 74 and the armature 24, 72 can be optimized.

It will be appreciated 1n light of the disclosure that the
magnetic field strength of each of the stages 50, 52, 64, 66 can
be computed and controlled by the control module 18, 82
based on the position of the armature 24, 72, a setting on the
depth setting control 142 (FIG. 1), a type of the fastener 22,
one or more previous driver sequences, an mstant and nomi-
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nal voltage of the battery 20 (FIG. 1) and one or more com-
binations thereolf. In lieu of (or in addition to) the computation
by the control module 18, 82, the control module 18, 82 can
also reference one or more look-up tables, databases, data
files or one or more combinations thereof.

The adjusting of the magnetic field strength of each of the
stages 50, 52, 64, 66 based on previous driver sequences can
include determining a total distance of travel of the driver

blade assembly 14, 70 as the driver blade assembly 14, 70

moves through the driver sequence. The total distance of
travel can be compared to a nominal distance the driver blade
assembly 14, 70 should travel during the driver sequence. It
will be appreciated 1n light of the disclosure that too little
energy consumed can cause the driver blade assembly 14, 70
to travel too little (1.e., a partial stroke), especially 1nto the
workpiece 51 (FIG. 1) that 1s made of a hard material such as
hardwood lumber. Too much energy, on the other hand, can
cause the driver blade assembly 14, 70 to travel the nominal
distance (1.e., a full stroke), but a stop 144 (FIG. 6) can absorb
the excess energy from the driver blade assembly 14, 70 when
there 1s excess velocity for a given application. In this regard,
the velocity of the driver blade assembly 14, 70 can be esti-
mated based on the signal 80 and, as appropriate, energy
consumption can be reduced 1n subsequent driver sequences.
When there 1s insuificient velocity, the energy consumed for
the subsequent driver sequences can be increased, as appro-
priate.

With reference to FIGS. 7-11, the fastening tool 10 can be
configured with a driver blade assembly 150 that can be
returned to the retracted condition (FIG. 7) with the internal
clastic member 32 and the external coil member 30. The
internal elastic member 32 can be coupled inside of a cavity
152 (FIG. 11) of a cylindrical member 154 associated with an
armature 156 of the driver blade assembly 150. With refer-
ence to FI1G. 11, the cylindrical member 154 can include an
anchor member 160 that can connect the internal elastic
member 32 to the cylindrical member 154. The cylindrical
member 154 can also include a prvot pin 162 to which a driver
blade 170 can be partially rotatably supported. In this regard,
the driver blade 170 can move independent of the cylindrical
member 154 as the driver blade assembly 150 travels through
a multistage solenoid 172 contained 1n a tool housing 174.

The driver blade assembly 150 can include the cylindrical
member 154 that can function as the armature 156. The driver
blade assembly 150 can also include the driver blade 170 that
can travel through the nosepiece 40 to 1nsert the fastener 22 as
discussed above and with reference to FIGS. 1 and 2. The
driver blade assembly 150 can also include a cap member 176
to which the external coil member 30 and internal elastic
member 32 can be connected. The multistage solenoid 172
can move the driver blade assembly 150 from the retracted
condition to the extended condition, while the external coil
member 30 and the internal elastic member 32 can be
employed to return the driver blade assembly 150 from the
extended condition to the retracted condition thus completing
the driver sequence.

With reference to FIG. 7, the internal elastic member 32
can extend between the cap member 176 and the cylindrical
member 154 of the driver blade assembly 150. The cap mem-
ber 176 can also contain the external coil member 30 between
the cap member 176 and a top portion 180 of the multistage
solenoid 172. As the driver blade assembly 150 moves from
the retracted condition (FIG. 7) to the extended condition
(FIG. 9); imitially, the cap member 176 can move downward
to compress the external coil member 30 against the top
portion 180 of the multistage solenoid 172.
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In one example, when the external coill member 30 can no
longer be compressed (1.e., complete or almost complete coil
on coil contact), the internal elastic member 32 can begin to
clongate as the cylindrical member 154 moves downward
relative to the cap member 176. It will also be appreciated in
light of the disclosure that the predetermined spring constants
of the internal elastic member 32 and/or the external coil
member 30 can be selected so that the internal elastic member
32 can begin to elongate before (or after) the external coil
member 30 1s Tully compressed against the top portion 180 of
the multistage solenoid 172.

The internal elastic member 32 1s further stretched as the
internal elastic member 32 can extend from the cavity 152
formed in the cylindrical member 154. It will be appreciated
in light of the disclosure that the internal elastic member 32
and the external coil member 30 can be disposed between the
cap member 176 and the top portion 180 of the multistage
solenoid 172 1n a pre-compressed condition. In the pre-com-
pressed condition, neither the internal elastic member 32 nor
the external coll member 30 remains 1n an uncompressed state
(1.e., completely relaxed) in the cordless fastening tool 10,
regardless of the position of the driver blade assembly 150.

In the retracted condition, the internal elastic member 32
can be contained within the cavity 152 of the cylindrical
member 154. In this regard, the cylindrical member 154 can
define an aperture 182 formed 1n a generally central position
on a top surface 184 (FIG. 11) of the cylindrical member 154.
The top surface 184 can be a surface of the cylindrical mem-
ber 154 that can abut the top portion 180 of the multistage
solenoid 172.

In the retracted condition, almost all of the internal elastic
member 32 can be contained within the aperture 182 and the
cavity 152 formed within the cylindrical member 154. In this
regard, the cap member 176 can abut the cylindrical member
154 until the mnternal elastic member 32 begins to expand
when the cap member 176 contacts the top portion 180 of the
multistage solenoid 172. As the driver blade 170 (and the
greater driver blade assembly 150) move from the retracted
condition to the extended condition, the internal elastic mem-
ber 32 can be further elongated (tfurther loaded) and can
extend from the aperture 182 formed 1n the cylindrical mem-
ber 154. When the driver blade assembly 150 returns to the
retracted condition, the cap member 176 can abut a stop
member 186 (FIGS. 2 and 3) that can be contained 1n the tool
housing 174 of the cordless fastening tool 10. It will be
appreciated 1n light of the disclosure that the aperture 182 and
the internal elastic member 32 can extend along a longitudinal
axis 190 that 1s generally coaxial with a longitudinal axis 192
of the driver blade 170 that can intersect the pivot pin 162;
unless, of course, the driver blade 170 has pivoted out of
alignment with the longitudinal axis 190.

The internal elastic member 32 and the external co1l mem-
ber 30 permit the cordless fastening tool 10 to return the driver
blade 170 from the extended condition to the retracted con-
dition without the need to energize the multistage solenoid
172. In one example, the driver blade assembly 150 can be
obstructed and held in the extended condition because the
driver blade 170 1s in a jam condition. The jam condition can
define, for example, the driver blade 170 being held 1n the
extended condition due to a misalignment of the fastener 22.
When the user 140 partially disassembles the nosepiece 40 of
the cordless fastening tool 10 (FIG. 1) to remove the mis-
aligned fastener (not specifically shown), the internal elastic
member 32 and the external coil member 30 can move the
driver blade assembly 150—when unobstructed—back to the
retracted condition.
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It will be appreciated i light of the disclosure that the
multistage solenoid 172 need not be energized, 1.e., no elec-
trical power needs to be directed to the cordless fastening tool
10, to return the driver blade 170 to the retracted condition. It
will further be appreciated 1n light of the disclosure that the
battery 20 (FIG. 1) can be removed from the cordless fasten-
ing tool 10 when the user 140 intends to remove the fastener
22 that had been misaligned. As the user 140 partially disas-
sembles the nosepiece 40 with the battery 20 removed, the
driver blade 170 can still be permitted to return to the retracted
condition and, 1n doing so, can provide an indication to the
user 140 that the jam 1s cleared.

With reference to FIGS. 12,13 and 14, the fastening tool 10
(FIG. 1) can be configured with a voltage boosting circuit 200
that can provide an increased voltage to a multistage solenoid
202. The increased voltage can facilitate a transient increase
in current that can be beneficial when the multistage solenoid
202 1s energized to move the driver blade 34 (FIG. 2) through
the driver sequence. The voltage boosting circuit 200 can
include at least a first boost module 204 and a second boost
module 206 to be charged by a battery 208. The battery 208
can deliver DC voltage at a suitable, nominal voltage such as
18-volts, but other nominal voltages, such as those supported
by a battery chemistry such as lithium 10n, nickel cadmium,

etc., canbe used to supply power to the cordless fastening tool
10.

Similar to the multistage solenoid 12, 60, 100, 172 (FIGS.
2-11), the multistage solenoid 202 can have at least a first
stage 210 and a second stage 212. A magnetic field can be
selectively energized (or clasped) in each of the stages 210,
212 when current 1s directed through each of the stages 210,
212, which can comprise copper coil windings. The magnetic
ficlds of the stages 210, 212 can be energized and de-ener-
gized 1n a cascading fashion, to advance the driver blade 34
through the driver sequence, as discussed herein.

When the stages 210, 212 are energized, a force 1s imparted
on the armature 24 (see, e.g., FIG. 2) of the driver blade
assembly 14 to move the driver blade assembly 14 from the
retracted condition (FIG. 3) to the extended condition (FIG.
5). The force imparted on the armature 24 1s proportional to
the value of current that defines the one or more magnetic
fields. It will be appreciated 1n light of the disclosure that the
force imparted on the armature 24 by the stages 210, 212
when operating at the nominal voltage of the battery 208 1s
less than a force that can be delivered to the armature 24 when
the stages 210, 212 are boosted to an increased voltage by the
boost modules 204, 206. At the larger boost voltage, more
current can be delivered to the stages 210, 212, which
increases the force imparted on the armature 24, while gen-
erally operating the fastening tool 10 (FIG. 2) at the nominal
voltage of the battery 208.

With reference to FIG. 13, voltage boosting circuit 200 in
the magnetizing condition 1s 1llustrated. Each boost module
204, 206 of the voltage boosting circuit 200 can be magne-
tized to develop a boost voltage at the output of the first boost
module 204 and the second boost module 206. This can occur
upon the retraction of the trigger 56 of the trigger assembly 54
(FIG. 1). In this condition, current can be delivered to the first
boost module 204 and the second boost module 206, which
can be stored, e.g., in inductors 204; and 206i. As described
below, the current to first and second boost modules 204, 206
can be discontinued in the demagnetizing condition to boost
the value of the voltage higher than the nominal voltage of the
battery 208 (e.g., 18-volts) when delivered to the multistage
solenoid 202.

The wvoltage boosting circuit 200 can magnetize and
demagnetize the boost modules 204 and 206 multiple times
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(e.g., onthe order of 1000 times ) while the stages 210,212 are
energizing. When the voltage boosting circuit 200 discontin-
ues current to boost modules 204, 206, the boost voltage
delivered to the stages 210, 212 can be approximately equal to
the nominal battery voltage plus the boost voltage. It will be
appreciated in light of the disclosure that as the boost modules
204, 206 demagnetize, the boost voltage will decrease. At this
point, current can be restored to the boost modules 204, 206 to
re-magnetize the boost modules 204, 206. Current can then be
discontinued to the boost modules 204, 206 to once again
develop the boost voltage at the output of boost modules 204,
206. When the trigger assembly 34 (FIG. 1) remains retracted
(e.g., the trigger 56 1s still pulled), the boost modules 204, 206
can continuously switch between the magnetizing condition
and the demagnetizing condition (FIG. 14) to provide the
nominal battery voltage plus the boost voltage to the stages
210, 212.

Returning to FI1G. 12, a peak current detection module 220
can limait the current delivered to each of the boost modules
204, 206 to prevent saturation of boost modules 204, 206. The
two boost modules 204, 206 can be used in tandem (e.g., one
hundred eight degree phase shiit) to reduce current ripple in
the energized solenoid windings of the stages 210, 212. The
peak current protection module 220 can be part of (or connect
to) the control module 18 for the fastening tool 10 (FIG. 2).
When the boost modules 204, 206 are demagnetizing, current
delivered by the voltage boosting circuit 200 can be at a boost
voltage which 1s the combination of the nominal battery volt-
age and the voltage produced at the boost modules 204, 206
when energizing the stages 210, 212 of the multi-stage sole-
noid.

It will be appreciated 1n light of the disclosure that the
voltage boosting circuit 200 can be configured for a low duty
cycle operation. In this regard, the voltage boosting circuit
200 can be configured to operate 1n a transient fashion, as
operating continuously could cause excess heat production. It
will be appreciated 1n light of the disclosure that the control
module 18 can de-energize the multistage solenoid 202 and 1n
doing so can discontinue the boosting of the multistage sole-
noid 202 by the boost modules 204, 206 even when the driver
sequence 1s not complete.

It will be appreciated in light of the present disclosure that
the boost modules 204, 206 can be implemented in the volt-
age boosting circuit 200 in greater numbers (i.e., more than
two) or only a single boost module need be used. It will also
be appreciated 1n light of the present disclosure that the num-
ber of boost modules used 1n the fastening tool 10 can be
based on various considerations including the amount of
force imparted on the armature 24 by the multistage solenoid
12, packaging of the fastening tool 10 and moreover cost and
complexity for the fastening tool 10.

With reference to FIGS. 15, 16, and 17, similar to the
voltage boosting circuit 200 (FI1G. 12), the fastening tool 10
(FIG. 1) can be configured with a voltage boosting circuit 300
that can provide the transient boost voltage. A battery 302 that
can supply a nominal voltage (e.g., 18 volts) to the voltage
boosting circuit 300 can be connected to an 1nput 304. The
input 304 can connect to a switch 306, which can comprise a
switching transistor that can connect to a high frequency
transiformer 308. A power rectifier, such as diode 310, can
connect to the transtformer 308 and can deliver an output 312.
A capacitor 313 can store the energy delivered to the output
312 and, ultimately, to amultistage solenoid 314 upon closure
of a firing switch 315. The switch 306 on the mnput 304 can
control the tlow of current through the transformer 308. In this




US 8,353,435 B2

11

regard, the voltage boosting circuit 300 can, 1n part, provide

functionality similar to a flyback converter switching power

supply.

In one example and with reference to FIG. 16, the switch
306 can be closed and the core of the transformer 308 can be
magnetized by current flowing through the primary windings
of the transtormer 308. As such, the voltage boosting circuit
300 can be 1 the charge condition. One cycle of magnetic
energy can be stored 1n the core of the transtormer 308. With
reference to FI1G. 17, the switch 306 can be 1n an off condition
and, as such, high voltage (1.¢., higher than the nominal volt-
age ol the battery 302) can develop across the secondary
windings of the transformer 308. It will be appreciated 1n light
ol the disclosure that the boost voltage at the output 312 can
be based on a turns ratio (or voltage ratio) of the transformer
308. In the discharge condition (FIG. 17), the output rectifier
310 can convert the pulsing output from the transformer 308
to direct current (DC) output 312 to energize the stages of the
multistage solenoid 314.

With reference to FIG. 18, similar to the voltage boosting
circuit 300 (FIG. 12) described above, the fastening tool 10
(FIG. 1) can be configured to include a voltage boosting
circuit 350 that can provide the transient boost voltage. A
battery 352 can connect to an mput 354 that can supply a
nominal voltage (e.g., 18 volts) to the voltage boosting circuit
350. The mput 354 can connect to a high frequency trans-
former 358, which 1s connected to a switch, e.g., a switching
transistor 356. Transformer 358 may include a “reset” wind-
ing arrangement 358R, that 1s connected to one terminal of
battery 352 through diode 355. The secondary winding of
transformer 358 1s connected to output 362 through a power
rectifier, e.g., a diode 360. Firing switches 365A-3658 are
utilized to select which of the solenoids (364A-364B) will
receive the voltage from output 362. Solenoids 364 A, 3648
may comprise the individual stages of a multistage solenoid.
Further, voltage boosting circuit 350 may be connected with
any number of solenoids or any number of stages of a multi-
stage solenoid. Diodes 363A and 363B are connected 1n
parallel to multistage solenoids 364A, 364B, respectively.
Switching transistor 356 operates to control the imnput to trans-
former 358. When switch 356 1s closed, current 1s delivered to
the primary winding of transformer 358 and, through second-
ary winding, to output 362. Firing switching 365A, 3658 are
closed depending on which of the multistage solenoids 364 A,
364B 1s desired to receive the voltage boost. When switch 356
1s open, reset winding 358R 1n combination with diode 355
operate to reset the core of transformer 358. Reset winding
358R assists 1in the prevention of saturation of the magnetic
core of transformer 338. In this regard, the voltage boosting
circuit 350 can, in part, provide functionality similar to a
torward converter switching power supply.

It will be appreciated 1n light of the disclosure that the above
switching power supply examples can be implemented, 1n
part, similar to a push-pull converter switching power sup-
ply. As such, the transformer can be configured with one or
two primary windings and two (or four) switching transis-
tors, which can be shown to provide a benefit that can
include a balanced magnetization loop because no direct
current 1s 1n the primary windings of the transformer. This
can be shown to permit use of a smaller transformer for a
given output power because the magnetic material in the
transformers can be more efliciently utilized. It will also be
appreciated 1n light of the disclosure that different arrange-
ments can be implemented, such as the inclusion of a
center-tapped transformer and additional switching tran-
sistors. In a further example, the above switching power
supply examples can also be implemented, in part, similar
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to a Royer converter switching power supply. As such, the

transformer can be configured to seli-oscillate using tran-

sistor driving signals 1n lieu of the switching transistors
discussed herein.

In yet another example, the above switching power supply
examples can also be implemented similar to a DC to AC
inverter. The DC to AC inverter can first boost the nominal
voltage of the battery voltage up to the boost voltage using
any of the above methods. An output can then be chopped
using transistors to produce a 60 Hz wave. In this regard, the
60 Hz AC power can be used to drive an AC operated multi-
stage solenoid 1n a fastening tool. This arrangement could
turther be implemented on fastening tools that can operate 1n
both a cordless manner and a corded manner, such as a hybrid
tool that can be both battery operated or corded and connect to
a wall voltage.

With reference to FIG. 19, similar to the voltage boosting
circuit 300 (FIG. 12), the fastening tool 10 (FIG. 1) can be
configured with a voltage boosting circuit 400 that can pro-
vide a transient boost voltage. A battery 402 can connect to a
boost module 404. The boost module 404 can contain mul-
tiple capacitors 406 (or one) that can be individually con-
trolled or controlled as a group by a boost control 408. The
boost module 404 can deliver the boost voltage and increased
current to a multistage solenoid 410.

When the capacitors 406 are charged, the boost control 408
of the voltage boosting circuit 400 can switch the capacitors
406 such that they are now 1n series with the voltage of the
battery 402. It will be appreciated 1n light of the disclosure
that when the switching frequency 1s relatively high, the
capacitors 406 can be relatively compact 1n size. In one
example, the switching frequency can be about ten kilohertz
and, 1n this 1instance, the boost control 408 can be electronic.
When switching frequencies are lower, however, mechanical
and/or electronic switches can be implemented. Output of the
capacitors 406 to the multistage solenoid 410 can be delivered
as multiple relatively small pulses which can (or need not) be
staggered 1n time.

Referring now to FIGS. 20-23, various embodiments of
voltage boosting modules 500a-500d are disclosed. Similar
to the voltage boosting circuit 400 discussed above, boost
modules 500a-5004 differ from boost modules 204, 206 1n
that capacitors, instead of inductors as 1n boost modules 204,
206, are utilized to boost the nominal voltage of the battery to
a level suitable for use with the fasteming tool, as described
above. Boost modules 500a-500d can be substituted for boost
modules 204, 206 1n FIGS. 12-14.

Referring now to FIG. 20, voltage boosting module 500q
includes capacitors 502-1 to 502-3, which are connected to a
battery 501. Switching modules 504-1, 504-2 are also con-
nected to the capacitors 502-1 to 502-3 and selectively switch
the connection of the capacitors to either the positive or nega-
tive terminal of the battery 501, for example, by use of tran-
sistors as 1llustrated. In this manner, and through the use of
diodes 503-1 to 503-3, provides voltage boosting module
500« for a voltage at node 505 that 1s approximately triple that
ol the voltage of the battery 501. A capacitor 502-4 1s utilized
to store this voltage, which can be provided to a solenoid 507
upon closing of firing switch 506.

Referring now to FIG. 21, a voltage boosting module 5005
according to some embodiments of the present disclosure 1s
illustrated. Similar to voltage boosting module 500a above,
the capacitors 510-1 to 510-7 are connected to the battery 501
during the charging phase. For each of the capacitors 510-1 to
510-7, a balancing circuit 515-1 to 515-7, respectively, 1s
utilized. A firing switch 520, once connected to the firing
phase, connects the positive terminal of the battery 501 to the
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negative terminal of the capacitor 510-7 such that a voltage
approximately double that of the battery 501 can be provided
to the solenoid 507. In essence, the firing switch 520 changes
the configuration of the capacitors/battery connection from in
parallel, during the charging phase, to 1n series, 1n the firing
stage. The boost module 5005 1s sometimes referred to as a
voltage doubler.

Referring now to FI1G. 22, a voltage boosting module 500c¢
according to some embodiments of the present disclosure 1s
illustrated. In this module, multiple capacitors 330-1 to 530-3
are connected to the battery 501 through connections with
flying capacitors 335-1 and 535-2 and the charging switch
540. Charging switch 540 cycles the connections of capaci-
tors 330 and capacitors 533 such that a voltage approximately
three times that of the voltage of the battery 501 1s present at
the firing switch 506. Upon closing of the firing switch 506,
the solenoid 507 will utilize the boost voltage to fire the
fastening tool, as described above.

Referring now to FIG. 23, a voltage boosting module 5004
1s 1llustrated. The boosting module 5004 1s similar to the
boost module 5005 1llustrated 1n FIG. 21 described above.
Voltage boosting module 5004 acts to alternate between a
charge and firing status. In the charged status, a capacitor
bank 560 1s connected to both terminals of the battery 501
such that the capacitor bank 560 stores a voltage equal to the
voltage of the battery 501. Upon selection of the firing phase,
the terminal of the capacitor bank 560 that was connected to
the negative terminal of the battery 501 during the charge
phase 1s instead connected to the positive terminal of the
battery 501. Thus, the battery 501 and the capacitor bank 560
are effectively 1n series with each other and a voltage equal to
approximately double that of the battery 501 1s provided to
the solenoid 507 to fire the fastener.

While specific aspects have been described 1n the specifi-
cation and illustrated 1n the drawings, 1t will be understood by
those skilled in the art that various changes can be made and
equivalents can be substituted for elements thereof without
departing from the scope of the present teachings. Further-
more, the mixing and matching of features, elements, and/or
functions between various aspects of the present teachings
may be expressly contemplated herein so that one skilled in
the art from the present teachings that features, elements,
and/or functions of one aspect of the present teachings may be
incorporated into another aspect, as appropriate, unless
described otherwise above. Moreover, many modifications
may be made to adapt a particular situation, configuration or
material to the present teachings without departing from the
essential scope thereof. Therefore, 1t 1s intended that the
present teachings not be limited to particular aspects 1llus-
trated by the drawings described in the specification as the
best mode presently contemplated for carrying out the present
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teachings, but that the scope of the present teachings include
many aspects and examples following within the foregoing
description and the appended claims.

What 1s claimed 1s:

1. A fastening device that drives one or more fasteners mnto
a workpiece, the fastening device comprising:

a tool housing;

a multistage solenoid contained 1n said tool housing, said
multistage solenoid includes an armature member that
travels through at least a first stage, a second stage and a
sense coil disposed therebetween;

a driver blade assembly including a driver blade connected
to said armature member, wherein said driver blade and
said armature member are movable between an extended
condition and a retracted condition;

a trigger assembly connected to a control module and par-
tially contained within said tool housing, wherein said
trigger assembly 1s operable to activate a driver sequence
that moves said driver blade between said retracted con-
dition and said extended condition; and

a voltage boosting circuit having a first boost module and a
second boost module that charge to a boost voltage when
said trigger assembly activates said driver sequence,

wherein said first boost module and said second boost
module deliver an increased current from a battery to
said multistage solenoid at said boost voltage.

2. The fastening device of claim 1, wherein said delivery of
said increased current from said battery to said multistage
solenoid at said boost voltage from said first boost module 1s
staggered 1n time from said second boost module.

3. The fastening device of claim 1, wherein said voltage
boosting circuit includes an inductor and a zener diode.

4. The fastening device of claim 1, wherein said voltage
boosting circuit includes a switching transistor and a trans-
former.

5. The fastening device of c.
boosting circuit includes a transtormer that 1s self-oscillating.

6. The fastening device of claim 1, wherein said voltage
boosting circuit includes a DC to AC 1nverter.

7. The fastening device of claim 1, wherein said voltage
boosting circuit includes multiple capacitors.

8. The fastening device of claim 1 further comprising a
switch including multiple capacitors that can be 1n parallel
with a battery when 1n a charge condition and said switch can
rearrange said multiple capacitors to be 1n series with said
battery in a discharge condition.

9. The fastening device of claim 8, wherein said switch 1s
clectronic and operates at about ten thousand kilohertz.

10. The fastening device of claim 9, wherein said voltage
boosting circuit delivers about five hundred watts of power.

aim 1, wherein said voltage

¥ ¥ H ¥ H



	Front Page
	Drawings
	Specification
	Claims

